(19) 



JEuropalsct^Pa 
European 
Office eurooeen 




(12) 



(43) Date of publication: 

15.11.2000 Bulletin 2000/46 

(21) Application number: 00303827.0 

(22) Date of filing: 08.05.2000 



Eu ropalsch^^atentamt 
European^^t Office 

Office europeen des brevets (11) EP 1 052 770 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : H03C5/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Wilson, Nigel 


MCNLPTSE 


Bradford on Avon, Wiltshire BA15 1SE (GB) 


Designated Extension States: 


• Hillum, Rick A. 


AL LT LV MK RO SI 


Trowbridge, Wiltshire BA14 OUJ (GB) 


(30) Priority: 10.05.1999 GB 9910822 


(74) Representative: 




Ayers, Martyn Lewis Stanley 


(71) Applicant: 


J.A. KEMP & CO. 


Securlcor Wireless Technology Limited 


14 South Square 


Sutton, Surrey SM1 4LD (GB) 


Gray's Inn 




London WC1R5LX (GB) 



(54) Modulator using AM and PM 

(57) A radio frequency amplifier uses an offset 
phase locked loop to produce a radio frequency signal 
from a baseband signal. In order to allow the phase 
locked loop to process the signal as one of constant 
amplitude, the signal is amplitude limited prior to appli- 



cation to the phase comparator, and envelope restora- 
tion is achieved by envelope-modulating the output in 
the RF power amplifier stage. 
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[0001] The present invention relates to apparatus 
for producing a radio frequency signal with non-con- 
stant envelope modulation. s 
[0002] So-called "Cartesian" amplifiers have been 
used in radio equipment for use, for example, in mobile 
radio systems. In a Cartesian amplifier, a base band 
signal resolved into I and Q quadrature components 
which are processed separately for modulation pur- io 
poses and recombined just prior to application to the 
radio frequency amplifier. These amplifiers are subject 
to two limitations, namely they are capable of handling 
only a relatively narrow bandwidth at baseband (e.g. up 
to 25 KHz), and there is a noise floor which it is not pos- 75 
sibie to remove due to the action of the feedback loop 
and the use of a vector modulator. 
[0003] The present invention seeks to provide an 
apparatus which can produce a non-constant-envelope 
radio frequency output signal with a transmission band- 20 
width greater than a Cartesian amplifier, e.g. of the 
order of a few hundred kiloherz, and which is capable of 
low noise performance. 

[0004] According to the present invention there is 
provided an apparatus for producing a non-constant- 25 
envelope radio frequency signal comprising: 

a) an input for a baseband signal; 

b) means for generating from the baseband signal a 
modulated radio frequency signal of substantially 30 
constant envelope amplitude and suitable for radio- 
frequency amplification to a level for broadcasting; 

c) means for envelope-modulating and outputting 
the amplified radio-frequency modulated signal so 

as to have a required non-constant envelope; 35 
wherein 

the generating means b) comprises i) a frequency- 
offset phase locked loop including a frequency-con- 
trollable oscillator which produces as its output said 
modulated radio frequency signal of substantially 40 
constant envelope amplitude and ii) a phase com- 
parator, the output of the phase comparator being a 
signal representing the phase difference between a 
constant-envelope-amplitude signal derived from 
the output of means c) and a constant-envelope as 
signal derived from the baseband signal. 

[0005] The invention will be further described by 
way of non-limitative example with reference to the 
accompanying drawings in which: so 

Figure 1 is a block circuit diagram of one embodi- 
ment of the present invention; 
Figure 2a is a block circuit diagram of a first variant 
of the embodiment of Figure 1 ; and 55 
Figure 2b is a block circuit diagram of a second var- 
iant of the embodiment of Figure 1 . 



[0006] The apparatus^^h in the Figure 1 is for 
modulating an RF signal for broadcast with a baseband 
signal in which is encoded digital data which it is desired 
to transmit, and for amplifying the RF signal to a level 
suitable for broadcast. However, it should be empha- 
sised that the invention is not restricted to use with dig- 
ital data signals, but can be used with voice and other 
audio signals as well as other types of signal entirety. 
The illustrated apparatus is intended for use with a 
baseband signal with any bandwidth up to the order of a 
few hundred kiloherz and to produce a modulated RF 
signal at a frequency, say, of 400 MHz with a ncn-ccn- 
stant envelope. The frequency of use of this invention is 
not restricted and could be almost any RF frequency 
e.g. 108-138 MHz, 390-420 MHz, 1.8 GHz, 3.5 GHz, 5 
GHz, etc. 

[0007] As will become apparent from the following, 
the circuit operates in the manner of an Offset Phase 
Locked Loop (OPLL) modulator. Ordinarily, OPLL mod- 
ulators can not be used with non-constant-envelope 
modulation scheme because they provide no means to 
control the amplitude of the modulated signal. 
[0008] For the purposes of explanation, prior to 
application to the circuit shown in Fig 1 , the baseband 
digitally encoded signal is assumed to have been 
resolved into I and Q quadrature components by a 
resolver (not shown). However the invention is not 
restricted to that arrangement: firstly, the baseband sig- 
nal can be generated ab initio in quadrature form (and 
hence not require resolving into it); and, secondly, the 
baseband signal need not be in quadrature form at ail 
(though this could require other, additional, processing 
of the signal in order to meet regulatory and/or other 
requirements with regard to bandwidth, out-of-band 
noise and so forth). It should be noted that the invention 
is not restricted to using baseband signal in l/Q format; 
Figures 2a and 2b illustrates a variant where the l/Q for- 
mat is not used. 

[0009] Given a desired nominal transmission fre- 
quency FT of, say 400MHz, the apparatus requires a 
local oscillator to provide two related frequencies F1 
and F2. By way of example, F1 is conveniently 90 MHz, 
which requires F2 to be either 410 MHz or 310 MHz 
depending on the implementation of the feedback loop 
of the OPLL. 

[0010] The I and Q quadrature components of the 
baseband signal are applied to respective inputs 1 a and 
1b where they passed to mixers 2a and 2b which mix 
them with +45° and -45° phase-shifted components of 
the reference signal of frequency F1, which are pro- 
vided by the pair of outputs of a phase splitter 3 to which 
this reference signal is applied. 0 and -90° could be 
used as an alternative to +45° and -45°, as could any 
other combination with the appropriate 90° phase differ- 
ence. 

[0011] The outputs of the mixers 2a and 2b, which 
contain components at the sums and differences of the 
baseband signal and F1 are summed by an adder 4 and 
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applied to the input of a mutti-sHMhiiter 5. This limiter 
produces an output signal of substantially constant 
envelope amplitude which is applied to one input of a 
phase comparator 6 which constitutes part of the OPLL 
Additionally, the limiter 5 produces, at output 5A a signal 5 
which represents the envelope of the signal applied to 
the input of the limiter. 

[0012] The phase comparator 6 produces an output 
signal whose amplitude is proportional to the difference 
between the signals applied to its two inputs, one of 10 
these being the output of the limiter 5 as just described. 
The other input of phase comparator 6 receives a signal 
fed back through a feedback path generally designated 
10 around the output stage of the apparatus. 
[0013] The output of phase comparator 6 is applied 75 
to the input of a low pass filter 7 whose frequency char- 
acteristics are chosen such that its output is restricted to 
baseband frequencies. This output is applied to the fre- 
quency-control input of a controlled oscillator 8, prefera- 
bly a voltage controlled oscillator which is configured for 20 
operation at a frequency centred on the nominal trans- 
mission frequency (e.g. 400 MHz) and thus produces an 
output, of constant envelope amplitude, of a frequency 
whose value depends on the OPLL phase error as rep- 
resented by the output of low pass filter 7. 25 
[0014] The RF frequency-modulated signal of oscil- 
lator 8 is passed via a driver pre-amplifier 9 to an RF 
power amplifier 1 1 which amplifies the signal to a level 
suitable for feeding to an aerial for broadcasting. 
[0015] A directional coupler 1 3 loaded by a 50-ohm 30 
load 14 picks off part of the output of the RF power 
amplifier 11. In order to complete the "loop" of the 
OPLL, this signal, which is simply the broadcast RF sig- 
nal scaled down in amplitude, is fed to one input of a 
mixer 18. The other input of mixer 18 receives a local 35 
reference signal from the aforementioned local refer- 
ence oscillator at a frequency (F2) of F1 + FT, or FT - 
F1 , but in either event such that the output of the mixer 
18 is at the frequency F1 , the purpose being to derive a 
signal which can be applied to the second input of 40 
phase comparator 6, so completing the phase-control 
loop. This output from mixer 18 is applied to a multi- 
stage limiter 1 9 whose characteristics are matched (in 
terms of amplitude-limiting effect and frequency 
response) to the limiter 5, subject of course to any 45 
amplitude scaling required to make the signals at the 
two inputs of phase comparator correctly comparable. 
[0016] The signal picked-off from the directional 
coupler 13 is also rectified by a diode 15 and applied to 
one input of a differential amplifier 1 6 which operates as so 
an integrator and controls the gain (and hence the out- 
put envelope) of the RF power amplifier 1 1 . The other 
input of differential amplifier 16 receives the envelope- 
representing signal described above from the output 5A 
of the limiter 5. ss 
[001 7] Thus the effect of the differential amplifier 1 6 
is to reinstate or "restore" the non-constant envelope 
modulation which is present in the signal at the input of 



limiter 5 and which is'^Mved from the signal as it is 
passed to the OPLL portion of the circuit 
[0018] The key advantage of the use of the OPLL 
arrangement is that it allows the transmission of com- 
plex constant envelope schemes, such as GMSK, with 
very low noise compared to the use of a simple vector 
modulator, because OPLL applies modulation to a VCO 
as part of a control loop so the only noise generated by 
the modulator is the phase noise of the VCO. Modula- 
tors that do not use a OPLL typically use an l/Q vector 
modulator. In such a transmitter a VCO, as part of a 
Phase Locked Loop will contribute only pan of the trans- 
mitter's noise, other components coming from the mix- 
ers in the vector modulator, thermal noise amplified 
from baseband if the signal to noise ratio of the input 
signal is insufficient and noise from a frequency up-con- 
verter that may be used after the vector modulator. Typ- 
ically these contributions are significantly larger than 
that of the VCO. It will be appreciated that the above 
illustrated embodiment shares the low noise character- 
istics of prior OPLLs, while the envelope restoration 
enables this to be achieved in the context of a non-con- 
stant-envelope modulation scheme. 
[0019] Advantages of the illustrated embodiment 
include: 

- very low wide-band noise (approximately equal to 
that of the VCO, say - 150dBc/Hz to 160dBc/Hz) 
the transmitter operates linearly independent of 
modulation envelope 

it provides an easily integrated circuit implementa- 
tion 

it avoids external filters to reduce wideband noise 
it avoids the linearity vs noise compromises of a 
Cartesian loop. 

[0020] Numerous variations of the illustrated 
embodiment, within the scope of the appended claims, 
will be apparent to those skilled in the art. In particular, 
it is not necessary to use a closed loop arrangement for 
achieving the restoration of the signal envelope at the 
power amplification stage: rather, it could be achieve by 
open loop control, either on the basis of an envelope- 
representing control signal derived from the input sig- 
nal, as in the embodiment illustrated above (Fig. 1) or a 
signal inputted to the apparatus and representing the 
required envelope modulation of the RF output (see 
Figs.2a and 2b). In addition the amplitude of control of 
the PA can be achieved using gain control (via bias cir- 
cuitry or other method) or amplitude control of supply 
voltages (as in conventional AM transmitters) or any 
other appropriate method. 

[0021] In the variant shown in Figure 2a, the inputs 
are presented to the circuit as an amplitude information 
signal r and a phase information signal 6, rather than as 
I & Q quadrature signals. Items 2a to 5 of Figure 1 are 
thus omitted and instead the amplitude Information sig- 
nal R is applied to one input of integrator 16, while the 



3 



EP 1 052 770 A1 



6 



phase information signal 6 is appii^Hra phase modu- 
lator 21 to the phase detector 6. The variant shown in 
Figure 2b is similar to that of Figure 2a, but uses open- 
loop, instead of closed-loop, envelope modulation. Thus 
items 1 6-1 8 of Figure 1 are also omitted and instead the § 
amplitude information signal r is applied to an S-class 
modulator to control the envelope of the output of the 
power amplifier 1 1 . S-class modulation can be achieved 
by variation of the power amplifier power supply voltage, 
e.g. by variable duty-cycle switching. to 

\« icui no 

1. Apparatus for producing a non-constant-envelope 
radio frequency signal comprising: 15 

a) an input for a baseband signal; 

b) means for generating from the baseband 
signal a modulated radio frequency signal of 
substantially constant envelope amplitude and 20 
suitable for radio-frequency amplification to a 
level for broadcasting; 

c) means for envelope-modulating and output- 
ting the amplified radio-frequency modulated 
signal so as to have a required non-constant 25 
envelope; 

wherein 

the generating means b) comprises i) a fre- 
quency-offset phase locked loop including a 
frequency-controllable oscillator which pro- 30 
duces as its output said modulated radio fre- 
quency signal of substantially constant 
envelope amplitude and ii) a phase compara- 
tor, the output of the phase comparator being a 
signal representing the phase difference 35 
between a constant-envelope-amplitude signal 
derived from the output of means c) and a con- 
stant-envelope signal derived from the base- 
band signal. 

40 

2. Apparatus according to claim 1, and including 
means for feeding back the amplified radio-fre- 
quency modulated signal (FT) to a first mixer where 
it is mixed with a signal of a first reference fre- 
quency (F2), the frequency being chosen such that 45 
the output of the controlled oscillator is at the 
required radio frequency (F1). 

3. Apparatus according to claim 2 and including and a 
second mixer for mixing the baseband signal with a so 
signal of a second reference frequency lower than 

the first frequency. 



ond mixer is operative^J^i the ! and Q quadrature 
components of the baseband signal with respective 
ones of two signals which are at the second refer- 
ence frequency and are phase shifted 90 degrees 
relative to one another. 

Apparatus according to claim 5, wherein a pair of 
amplitude limiters are provided to render the two 
mixed signals of substantially constant amplitude. 

Apparatus according to any one of the preceding 
claims wherein the envelope modulating means is 
operative to derive a control signal to control the 
envelope of the radio-frequency signal in accord- 
ance between the difference between that envelope 
and the envelope of a signal derived from the base- 
band signal. 

Apparatus according to claims 2 and 7, wherein 
said derived signal Is the signal resulting from mix- 
ing the baseband signal with the second reference 
signal. 



4. Apparatus according to claim 1 , 2 or 3 wherein the 
input is for a baseband signal in I and Q quadrature 
format. 



55 



5. Apparatus according to claim 4, wherein the sec- 
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